
The electron emission efficiency can be improved by 
suitably adjuring the density <rf the fine particles. 
The electron-emitting device having the semiconductor 

layer as illustrated in FIG. 17 makes it possible to lower the 

drive voltage by controlling the electrical resistance of the 
scmicondudoc. and also can be effective in improvement of 
emitted currents. 

He claim: 

1. A di^lay device comprising: 

an electron-emitting device, comprising a semiconductor 
fcnned between opposing electrodes and wherein fine 
particles are dispersed within said semiconductor or on 
said semiconductor and 

fluorescent members located at the inner side of a face 
plate above the electron-emitting device, wherein said 
fluorescent members emit light by a stimulation of the 
electrons emitted from said electron-emitting device. 

2. The display device of claim 1. having the structure in 
which said fine particles are completely included into said 
semiconductor. 

3. The display device of daim 1. having the structure that 
said fine particles are partly contained in said semiconductor 
and partly exposed therefrom. 

4. The display device of claim 1. wherein said fine 
particles are made of a substance selected from the group 
consisting of borides. carbides, nitrides, metals, metal 
oxides, semiconductors, and carbon. 

5. The display device of claim 4. wherein said fine 
particles con^)rise at least two kinds of different materials. 

6. The display device of claim 4. wherein said fine 
particles are selected from the group consisting of Nb. Mo. 
Rh, Hf.Ta. W. Re. Pt Ti. Au, Ag. Cu, Q. AL Co. Ni. Fc. Pb. 
Pd, Cs and Ba. 

7. The display device of claim 4. wherein said fine 
particles comprise a metal oxide selected from the group 
consisting of InaOj. SnOa, BaO, MgO and Sb^Oa. 

8. The display device of claim 4, \^crein said fine 
particles comprise Pd at SuO^* 

9. The display device of claim 5. \^erein said different 

materials coniprise materials having different conductivities. 

10. The display device of daim 1. wherein said fine 
paitides are dispersed between said electrode by coating. 

IL The disphy device of daim 1. wherein said fine 
particles are dispersed b^een said electrode by vacuum 
deposition. 

12. The display device of claim 1, wherein said fine 
paitides are dispersed by thermal decomposition of an 
(Kganic m^ con^und. 

13. The display device of daim 1. having the device 
structure in which the dedrodes are formed on a substrate, 
the semiconductor is formed between said electrodes, and 
the fine particles are arranged inside or on said semicon- 
ductOT in a dispersed state. 

14. The display device of claim 1, where a plurality of said 
eiectroo-cmitting device are moimted on a single plane. 

15. A display device comprising: 

an electron-emitting device, comprising an insulating 

layer, is disposed between opposing electrodes on a 

planar substrate, and having fine particles arranged 
within said insulating layer in a dispersed state; 
wherein electrons are emitted by flying a voltage to 
said electrodes; 
flu(H'escent members located at the inna face of a face 
plate disposed above the electron-emitting device, 
wherein said fluorescent members emit light by a 
stimulation of the electrons emitted from said dectron- 
emitting device; and 
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any of said fiDc particles is partly included inK^Hpartly 

exposed horn said insulating layer. 

16. The display device of claim 15. wherein said fine 
particles are dispersed between the electrodes by coating. 

17. The display device of claim 15. wherein said fine 
particles are dispersed between the electrodes by vacuum 
deposition. 

18. The display device of claim 15. whaein said fine 
particles arc dispersed between the electrodes by thermal 
decomposition of an CH'ganic metal compound. 

19. The display device of claim 15. wherein said fine 
particles are composed of a material selected from the group 
consisting of borides. carbides, nitrites, metals, metal 
oxides, semiconductors and carbon. 

20. The display device of claim 19. wherein said material 
comprises a metal oxide selected from the group consisting 
of InjOj. SmOj. BaO. MgO and SbjOa. 

21. The display device of claim 15. wherein said fine 
particles comprise al least two kinds of different materials. 

22. The display device of claim 21. wherein said different 

macerials comprise materials having different conductivities. 

23. The display device of claim 15. whaein said fine 
particles are composed of a material selected from the group 
consisting Nb. Mo. Rh. Hf. Ta, W. Re. Ir, Pt. Ti. Au. Ag. Cu, 
Ci. Al. Co. Ni, Fe. Pb. Pd. Cs and Ba. 

24. The display device of claim 15, wherein said fine 
particles comprise Pd or SnOj. 

25. The display device of claim 15. comprising a substrate 
comprising a porous glass in which a metal or a metal oxide 
is deposited. 

26. The display device of claim 15. comprising a colored 
glass containing metal colloid fine particles. 

27. A display device comprising: 

an electron-emitting device, comprising opposing elec- 
trodes formed on an insulating layer disposed on a 
planar substrate, and fine particles being dispersed 
within said insulating layer between said electrodes; 

fluorescent members located at the inner side of a face 
plate disposed above the electron-emitting device, 
wherein said fluorescent members emit light by a 
stimulation of the electrons emitted from said electron- 
emitting device; and 

said fine particles are so structured that any of said fine 
particles are partly included into and partly exposed 
from said insulating layer. 

28. The display device of claim 27. wherein said insulat- 
ing laya comprises a low-melting glass. 

29. The display device of claim 27, wherein said insulat- 
ing layer has a film thickness of from several ten angstroms 
to several ten microns. 



^^P^ *^P^^y^^« of daim 27. wherein said^^ 

P3^^ arcconqjoscdof a maierial selected from the p^m 
consisting of boridcs. carbides, nicrites. meuls. mcuT 
oxides, sesttoonducttcs and carbon. 

31. The display device of claim 30, wherein said fine 

particles matoial nrrnpriscs a metal oxide selected from the 
group consisting of I^O^, SnO^. BnO. MgO and Sb.Oj. 

32. The display device of daim 27. wherein said fine 
particles conqmsc at least two kinds of different materials. 

33. The display device of daim 27. wherein said different 
materials conqjrisc Tn?ffrriaJs having different conductivities. 

34. The display device of daim 27. wherein said fine 
particles are composed of a material selected from the group 
consisting of Nb, Mo. Rh, Hf. Ta. W, Re. In. PL Tu Au. Ag. 
Cu, Q. AL Co, NL Fc, Pb, Pd. Cs and Ba. 

35. The display device of daim 27. wherein said fine 
paitidcs comprise Pd or SnOj. 

36. A display device comprising: 

a face place,* 

an electron-emitting device, comprising opposing elec- 
trodes disposed on a planar insulating substrate, and 
fine partidcs being dispersed between said opposing 
electrodes and being partly included into said planar 
insulating substrate, wherein electrons are emitted by 
applying a voltage to said dectrodcs; and 

fluorescent mcmben located at the inner side of said face 
plate above the dectron-emitting device, wherein said 
flucM-escent members emit light by a stimulation of the 
electrons emitted from said electron-emitting device. 

37. The display device of daim 36, wherein said fine 
partidcs are sdected from the group consisting of borides. 
carbides, nitrites, metals, metal oxides, semiconduaors and 
carbon. 

3 8, The display device of claim 37, wherein said fine 

paztides comprise a metal oxide selected from die group 
consisting of In^Oj, SnOj. BaO. MgO and SbjOj. 

39. The display device of daim 36, wherein said fine 
particles comprise at least two kinds of different materials. 

40. The display device of daim 39. wherein said different 
materials comprise different materials having different con- 
ductivities. 

41. The display device of daim 36. wherein said fine 
partidcs are sdected from the group consisting of Nb. Mo. 
Rh, Hf, Ta. W, Re, fr. Pt. Tu Au. Ag. Cu, Cr. Al. Co, Ni, Fe. 
Pb. Pd, Cs and Ba. 

4Z The display device of daim 36, wherein said fine 
partidcs comprise Pd or SnOj. 



ili A display devir e comp r-i jsTlTiq: 

an electron sotirce p^a^^ f ormed a.g ^ l amin;.h^^ 
structure, said electron ^nu^n^ plate innlnr^nr,^. 

a substrate, 

a first pIPT-trode di sposed on hh^ 

substrate , 

an intermprli^ho r nember disposed nn «aiH 
first electrode, and having ^ ...iHo .., ^11 ^hj^,, ^^^i,,^^. 
electron-emission layer containi ng an p1 ^r^hr-i ^=.1 
discontinuity, 

a second el^nt^ ode sp are d from s^iH 
substrate in a direct ion normal i-r. o. jd s^uh.tr-.,.^ 

voltage application mea ns for applying a 
voltage across the first and ..cnnH ^i^ o trode. to 
electric field across a surface o^f th^. ^ lect^on-.n,i ... 
layer for causing the electron-^n^i e s ion ^ ^y .^ to -.^ 
electron; and 

a fluorescent device plate inolnHing. 
a transpaT-^ant substrata, 
a fluorescent lay p-r, 
an accelerat ion el^otrode. anrl 
means for apply ing an acceleration 
voltage to the acc eleration electrorj^, 

wherein the electron sonr-o» plate an^ t-h^ 
fluorescent device plate form a va.n„n,.^ housing u^aii .u^ 
display device. 



The display devic e of Claim 43. wherein said 
electron-emission laver c o mprises a conducive region and an 
insulating region. 



The display devi ce of Claim 43. wherein said 
electron-emissi on layer contains carbon. 

46^ The display devi ce of Claim 43. wherein an end 
of one of the first and second electrodes is flush with the 
sidewall of the intermediate memhe-r. 



^J-L. A displ ay apparatus comprising: 

an electron sou rce plate including? 
a substrate, 

an insula ting member arranged on the 
substrate so that an end of the insulating member forma a 
sidewall on the substrate ^ 

an electr on-emission layer containing an 
electrical discontinuity, and B^ing disposed on the sidewall 
of the insulating member for emitting electrons upon an 
application of an electri c field across a surface of the 
electron-emission layer, and 

voltacre applicati on means for generating 
an electric field across the s u rface of the electron-emission 
layer; and 

a fluorescent de vice plate including- 
a transpare nt substrate, 




a fluorescent layer. 

an acceleration electrode, and 

means fo r applying an acceleration 

voltage to the acceleration electrode. 

wherein the electron source plate and the 

fluorescent device plat e form a vacuumed housing wall of the 

display app a ratus. 

The display appa ratus of Claim 47, wherein 
said voltage applicati on means has a pair of electrodes 
including an upper electr o de positioned at an upper part nf 
the sidewall of the insu lating member. and a lower electrode 
positioned at a lower par t of the sidewall of the insulating 
member, and wherein said voltage application means generates 
the electric field acro ss the surface of the electron - 
emission laypr- 



49^ The display appar atus of Claim 47. wherein 
said electron-emission l aver comprises a conductive region 
and an insulating region. 

50^ The display devi ce of Claim 47. wherein said 
electron-emissi on layer contains carbon. 

.^li A displ ay apparatus comprising! 

an elec tron source plate including: 
a substrate, and 
- 3 - 



a plurality of ele ctron emission elements 
arranged in a matrix o f rows and columns on said substratf^^ 
each electron emission e lement being formed in a laminated 
structure and comprising; 

a first e lectrode disposed on the 

substrate ^ 

an inte rmediate member disposed on 
said first electrode, and having a side wall which inclndpc, 
an electron-emission l ayer containing an electrical 
discontinuity, wherein th e electron-emission layer emits an 
electron upon an applicat i on of a voltage across a surfanp 
thereof, and 

a second e lectrode spaced from said 
substrate in a direction normal to said substrate; 

a matrix wirin g configuration comprising row 
wirings and column wirin gs respectively (Corresponding to the 
rows and columns of the el e ctron emission elements arranged 
in the matrix: 

drive means for appl ying (i) a scan signal to 
the row wirings, (ii) a mod ulation signal to the column 
wirings corresponding to th e scanned electron emission 
elements, and (iii) a low v o ltage across the first and senonH 
electrodes of each of the el e ctron emission elements; and 
a fluorescent de vice plate including r 
a transpa rent substrate, 
a fluorescent layer ^ 
an acceler ation electrode, and 
- 4 - 



means f or aPDlyina an acceleration 
voltage to the acceleration electrode, 

wherei n the electron source plate and the 
fluorescent device plate form a vacuumed housing wall of thp, 
display device. 

— • — 

The display appa ratus of Claim 51. wherein 

said drive means simu lta ne ously applies the modulation signal 

to the electron emissi on elements on a selected row in 

synchr onization with the scan signal. 

53^ A displ ay apparatus comprising: 

an electron source plate including: 
a substrate, and 

a plurality of ele ctron emission elements 
arranged in a matrix of rows and columns on said substratf^, 
each electron emission element including: 

an insulat ing member arranged on the 
substrate so that an end o f the insulating member forms a 
sidewa ll on the substrate, and 

an electron-emission layer 
containing an electrical discontinuity- and being disp osed nn 
the sidewall of the insulat i ng member for emitting electrnn.g 
upon an application of a voltage across a surface of the 
electron-emission layer; 

a matrix wiring c onfiguration which comprises 
row wirings and column wir i ngs respectively corresponding to 



the rows and columns of the electron emission elemenhs 
s 

arranged in the matrix .• 

drive means for apDlvina (i) a scan signal to 
the row wirings, (ii) a m odulation signal to the cnlnmn 
wirings corresnonding to the scanned electron emission 
elements, and (iii) a volta a e to the electron-emission lay ^r 
of the electr on emission element; and 

a fluore scent device plate including; 

a transparent substrate. 

a\f luorescent laver. 

an accele ration electrode, and 

means for applying an acceleration 
voltage to the acceleration electrode. 

wherein the el ectron source plate and the 
fluorescent device plate f orm a vacuumed housing wall of the 
display device. 

The display appar atus of niaim 53. wherein 
said drive means simultaneou s ly applies the modulation Hicrn^l 
to the electron emission elements on a selected row in 
synchr onization with the scan signal. 

The display appar atus of niaim 53. wherein 
said drive means has a pair of electrodes including an up p^r- 
electrode positioned at an up per part of the sidewall of thP 
insulating member and a lowe r electrode positioned at a low^r- 
part of the sidewall of the i nsulating member, and wherein 
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said drive means generat es the electric field across thf- 
surface of th e electron-emission layer. 

A displ ay apparatus comprising: 
an elec tron source plate including: 
a substrate, and 

a plurality of electron emission elements 
arranged in a matrix o f rows and columns on said substrates ^ 
each electron emission element including! 

a first ele ctrode disposed on said 

substrate, 

a second e lectrode disposed on said 

substrate, and 

an electron-emission layer 
containing an electrica l discontinuity, said electron- 
emission layer for emittin g an electron upon an application 
of a voltage ac ross said first and second electrodes- 

a matrix wiri ng configuration comprising row 
wirings and column wiring s respectively corresponding to the 
rows and columns of the el ectron emission elements arrang ^H 
in the matrix: 

drive m eans for applying (i) a scan signal to 
the row wirings, (ii) a modu l ation signal to the ro1 nmn 
wirings corresponding to t h e scanned electron emission 
elements, and (iii) a volta g e across the first and second 
electrodes of the electron emission element: and 

a fluorescent device plate including: 
- 7 - X 



a transparent substrate. 

a fluorescent lay^r, 

an acceleration electrode, and 

means for applying an acceleration 

voltage to the acceleration electrode, 

wherein the el ectron source plate and the 

fluorescent device plate f orm vacuumed housing walls of thf^ 

display device. 



The display appa ratus of Claim 56. wherein 
said modulation signal is made according to an informat-inn 
signal . 

The display app aratus of Claim 56. wherein 
said electron-emission l aver comprises a conductive region 
and an insulating region. 

59^ The display appa ratus of Claim 56. wherein 
said electron-e mission laver contains carbon. 

The display appar atus of Claim 56. wherein 
said acceleration voltage i s in the range of 0 . 8kV to i , Rkv 

The display appar atus of Claim 56. wherein 

said drive means simultaneously applies t he modulat ion signal 

I i . ' ^ 

to the electron emission e l ements on a selected row in 
synchro nization with the scan g^ignal . 
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^ The display apoara tus of Claim 56. wh^r-^in 
ends of said first and sernnrf e lectrodes are di sp o^^rl ^r. . 
lateral direction at least rmia h lv parallPl. to the Riirf;.ne r^f 
the substrate and face each nthP^ , and saiH ^1 ectron-^mH 
layer is disposed between the e nds of those electrnHe.c 

^ The display appar atus of Claim 62. whe-rein 
said drive means applies the vol tage acrn.c« the e1echr-nHe« 
generate an elertr- jc field across the surface of hhe 
electron-emission layer. 



^ The display appara tus of Claim 56. wherein 
said voltage applied across sairl f irst anr^ ■■:^econd electr-orlec, 
is less than o r ecfual to 32 VoltR. 
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